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Description 

BACKGROUND OF THE INVENTION 

s FIELD OF THE INVENTION 

[0001] The present invention relates to a biodegradable oriented film softened with plasticizer. More precisely, it 
relates to such a biodegradable oriented film which is flexible even at high temperature and is highly safe, and to a 
wrapping film made of it for packages. 

10 

DESCRIPTION OF THE RELATED ART 

[0002] Resins such as polyethylene, polypropylene, polyethylene terephthalate, soft polyvinyl chloride and polyvl- 
nylidene chloride have heretofore been widely used for materials for films. However, these resins are not biodegradable, 

IS and when discarded in the natural environment, they have negative influences on the environment. The problem with 
them has been pointed out in the art. Of such resin films, those containing chlorine such as soft polyvinyl chloride and 
polyvinylidene chloride may release dioxins when incinerated. This is another problem with the films. 
[0003] In that situation, it Is necessary to develop resins not having any negative influences on the environment, and 
biodegradable resins are being investigated and many biodegradable polymers have been developed. However, some 

20 biodegradable polymers are not satisfactorily flexible, as compared with conventional resins, and are therefore unsuit- 
able to wrapping applications and agricultural applications. This is still another problem with them. In particular poly- 
lactic acid, one typical example of biodegradable resins is unsuitable for some wrapping applications and/or agricultural 
applications as its flexibility is very low. For example, JP-A 1 85381/2000 discloses a wrapping film consisting essentially 
of polylactic acid. However, the film disclosed is poorly flexible, and is therefore not easy to use for wrapping applica- 

25 tions. In other words, the commercial value of the wrapping film disclosed is low. 

[0004] On the other hand, a method of softening such biodegradable resins is widely known, which comprises adding 
a softener (plasticizer) having a relatively low molecular weight to biodegradable resins to thereby improve the flexibility 
of the resins, for example, as in JP 3,096,011 and JP-A 72961/2000. 

[0005] Biodegradable films softened with an ordinary softener (plasticizer) are flexible just after the addition of the 
30 softener (plastisizer) thereto, but after awhile, the softener (plasticizer) often breeds out and/or vaporizes away , and, 
as a result, the flexibility of the films Is greatly lowered and/or the transparency of the films containing the softener 
(plasticizer) is lowered. I n addition , when the films containing such a softener (plasticizer) are used at high temperatures, 
their transparency is greatly lowered and their flexibility is lowered as the plasticizer scafters away and/or bleeds out. 
For these reasons, the softener-containing (plasticlzer-containing) films disclosed are problematic In practical use. 

35 

SUMMARY OF THE INVENTION 

[0006] The present invention is to provide a flexible biodegradable film enough for practical use, more precisely, to 
provide a biodegradable film which keeps itself flexible in severe condition, for example, even at high temperatures. 
40 Another object of the invention is to provide a softened biodegradable film which is substantially free from appearance 
change and morphology change such as transparency reduction, even when stored or used for a long period of time 
at high temperatures. 

[0007] To attain the objects as above, the invention provides a biodegradable oriented film of a plasticizer-containing 
biodegradable resin, of which the both surfaces are coated with at least one thin layer and of which the loop stiffness 
45 change (AR) after heat treatment at 130°C for 30 minutes is at most 20 %. The film is stretched at least monoaxially. 
The thin layer formed on the both surfaces of the biodegradable film of the invention is preferably so designed that it 
is effective for preventing the plasticizer in the film from scattering away and/or bleeding out. The biodegradable oriented 
film of the invention is useful, for example, for wrapping films. 

50 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0008] The biodegradable oriented film of the invention is made of a biodegradable resin that contains a plasticizer, 
and is characterized in that its both surfaces are coated with at least one thin layer and its loop stiftness change (AR) 
after heat treatment at 1 30°C for 30 minutes is at most 20 %. 
55 [0009] In the invention, the type of the substance to form the thin layer and the thickness of the thin layer must be 
so controlled that the loop stiffness change (AR) of the film coated with the thin layer on its both surfaces is at most 
20 % after heat treatment at 1 SO^C for 30 minutes. If AR of the coated film is larger than 20 %, the film could not keep 
itself flexible for a long period of time when used while exposed to high temperatures, for example, for wrapping films 



2 
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to be heated in microwave ovens. The. loop stiffness change (AR) of the film after heat treatment at ISCC for 30 
minutes is preferably at most 1 0 %, more preferably at most 7 %, as the film satisfying the requirement can keep itself 
flexible for a longer period of time even at higher temperatures. Even more preferably, AR of the film is 0 %, as the film 
is free from flexibility change in heat treatment. 

[0010] In the invention, the both surfaces of the biodegradable film are coated with at least one thin layer. If not 
coated with at least one thin layer on its both surfaces, the film hardly satisfy the requirement of such that the loop 
stiffness change (AR) thereof after heat treatment at 130°C for 30 minutes is not higher than 20 %. For improving the 
durability in point of flexibility of piasticizer-contained biodegradable films, in general, a method of increasing the affinity 
of the base resin for plasttcizer to be added thereto is tried. In particular, for improving the durability in point of flexibility 
of the films that are exposed to high temperatures of 60''C or higher, or to hot water or oil, at least one thin layer to be 
on the both surfaces of the film is indispensable. 

[0011] In the invention, the thin layer formed on the both surfaces of the biodegradable film preferably has the function 
of preventing the plasticizer in the film from scattering away and/or bleeding out. In the invention, the word " scattering 
away" means that plasticizers contained in the films migrate to the surface of the films and vaporize away to the air 
In particular, the thin layer is more preferably so designed that it well prevents the plasticizer in the film from scattering 
away and/or bleeding out even at high temperatures. 

[0012] The thin layer is not specifically defined provided that it ensures the requirement of such that the loop stiffness 
change (AR) of the film coated with it is at most 20 % after heat treatment at 1 30°C for 30 minutes. 
[0013] For example, the essential constituent component of the thin layer is preferably at least one selected from 
polyester resins, acrylic resins, polyurethane resins, vinyl resins, epoxy resins, and amide resins. A mixture of such 
resins is also usable for the thin layer. More preferably, the thin layer is made of an acrylic resin and/or a vinyl resin. 
[0014] In case where the film of the invention is for wrapping films, slightly adhesive character is preferred for the 
thin layer 

[0015] The acrylic resins for use in the invent ion may be composed of various types of monomers to constitute their 
backbone structure, for example, alkyi acrylates and alkyi methacrylates. Preferably, the alkyi group in the alky! acr- 
ylates and the alkyi methacrylates has from 1 to 25 carbon atoms. In addition, the acrylic resins for use in the invention 
may also be copolymers of such that the backbone structure thereof of alkyi acrylates or alkyi methacrylates are co- 
polymerized with various types of comonomers having a crosslinking functional group. 

[0016] The crosslinking functional group of the comonomers for the acrylic resins for use in the invention includes, 
for example, a carboxyl group, a methylol group, an acid anhydride group, a sulfonic acid group, an amido group, a 
methylolated amido group, an amino group, a hydroxyl group, and an epoxy group. The comonomers having such a 
functional group include, for example, acrylic acid, methacrylic acid, itaconic acid, maleic acid, fumaric acid, crotonic 
acid, vinylsulfonic acid, styrenesulfonic acid, acrylamide, methacrylamide, N-methylolacrylamide, methylolmethacry- 
lamide, diethylaminoethyl vinyl ether, 2-aminoethyl vinyl ether, 3-aminopropyl vinyl ether, 2-aminobutyl vinyl ether, 
dimethylaminoethyl methacrylate, |J-hydroxyethyl acrylate, p-hydroxyethyl methacrylate, polyethylene glycol monoacr- 
ylate, polyethylene glycol monomethacrylate, glycidyl acrylate, and glycidyl methacrylate. In addition to the compounds 
as above, the backbone monomers of the acrylic resins for use herein may be copolymerized with any of acrylonitrile, 
methacrylonitrile, styrene, butyl vinyl ether, vinyl acetate, vinylpyridine, vinylpyrrolidone, and vinyl-having alkoxysilanes. 
Esters of the comonomers are also usable herein. 

[0017] The vinyl resins for use in the invention include, for example, low-density polyethylenes, ethylene-vinyl acetate 
copolymers, ethylene-acrylic acid copolymers, ethylene-methacrylic acid copolymers, metal salts of ethylene-acrylic 
acid copolymers, metal salts of ethylene-methacrylic acid copolymers, ethylene-acrylate copolymers, saponified eth- 
ylene-vinyl acetate copolymers, ethylene-vinyl alcohol copolymers, ethylene-vinyl alcohol copolymers randomly mod- 
ified with an anionic sulfonic acid group or the like introduced thereinto, polyvinyl alcohols, and polystyrenes. Of those, 
especially preferred are ethylene-vinyl alcohol copolymers, modified ethylene-vinyl alcohol copolymers, polyvinyl al- 
cohols, metal salts of ethylene-acrylic acid copolymers, and metal salts of ethylene-methacrylic acid copolymers. 
[0018] The thickness of the thin layer to coat the film of the invention may be such that it is enough to attain the 
object of the invention. Preferably, it is at most 1 ^.m, more preferably at most 0.5 p,m in order that the thin layer practically 
does not fail the biodegradability of the film coated with it. 

[0019] The film of the Invention must be stretched at least monoaxially. Ordinary non-oriented films or extruded 
sheets with no crystallization or orientation are unfavorable to the invention, as they cause some problems in that their 
flexibility lowers after a while or the plasticizer in them often scatters away and/or bleeds out owing to significant 
crystallization of the films when heated. To solve the problems, the film of the invention is stretched at least monoaxially 
to thereby increase its molecular orientation and crystallinity. Preferstoly, the filmis stretchedbiaxially, and more prefer- 
ably,. it is thermally fixed thereafter 

[0020] The biodegradable resin for use in the invention is a thermoplastic resin, including, for example, polyhydrox- 
ycarboxylic acid polymers, polybutylene succinates and their copolymers, aliphatic polyesters such as polycaprolac- 
tones, aromatic copolyesters such as polybutylene terephthalate copolymers and polyethylene terephthalate copoly- 
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mens, and cellulose acetates. For the biodegradable resin for use in the invention, especially preferred are polyhydrox- 
ycarboxylic acid polymers as they accept a large amount of plasticizer to increase their flexibility and have relatively 
higher melting points. 

[0021] The polyhydroxycartjoxylic acid polymers include polymers and copolymers of L-lactic acid, D-lactic acid, 
5 glycollc acid, 3-hydroxybutyric acid, 4-hydroxybutyric acid, 3-hydroxyvaleric acid, 4-hydroxyvalerlc acid and 6-hydrox- 
ycapric acid. Of those, especially preferred are polylactic acid resins, and more preferred are lactic acid homopolymers 
(polylactic acids). The polylactic acid resins are meant to Include lactic acid homopolymers and copolyesters containing 
at least 70 % by weight of lactic acid monomer. 

(0022] The plasticizer for use in the invention may be any and every one which, when added to biodegradable resins, 
10 acts to lower the glass transition point of the resins or to lower the stiffness thereof. For example, it includes ether- 
ester derivatives, glycerin derivatives, phthalic acid derivatives, glycolic acid derivatives, citric acid derivatives, adipic 
acid derivatives, and epoxy plasticizers. 

[0023] Of those plasticizers, preferred are biodegradable ones as ensuring the biodegradability of the entire film 
containing it. Examples of such biodegradable plasticizers are triacetin, butyl esters of epoxidated linseed oil fatty 
15 acids, tributyl acetylcitrate, epoxidated soybean oil, and polyesters adipic acid with 1 ,3-butylene glycolic acid. In par- 
ticular, the plasticizers listed in the Positive List by the Food Sanitation Association of Japan (JHPA-PL) such as poly- 
olefins, as well as those admitted by the US FDA are especially preferred for use herein when the film of the invention 
is for food wrapping films. 

[0024] The amount of the plasticizer to be added to the film of the invention may be such that the plasticizer added 
20 thereto is enough to soften the biodegradable resin constituting the film. Preferably, for example, the type and the 
amount of the plasticizer to be added are so controlled that the loop stiffness of the film standardized to have a thicl<ness 
of 1 0 |j.m may be at most 300 p.N/cm, more preferably at most 200 p-N/cm, as the film in that condition can easily follow 
the shape of the substance to be wrapped with it. For wrapping films, it is even more desirable that the loop stiffness 
of the film standardized to have a thickness of 10 jim falls between 50 and 150 jiN/cm, as they are easy to handle in 
25 practical use. if the loop stiffness of the film standardizQd to have a thickness of 10 (xm is larger than 300 |j.N/cm, the 
film could not be well softened to a desired degree, and is therefore often not easy to use for wrapping films. The 
preferred range of the amount of the plasticizer to be added to the film varies, depending on the type of the plasticizer 
and also on the type of the biodegradable res in to form the film, but generally falls between 5 and 50 % by weight. If 
the amount of the plasticizer added is smaller.than 5 % by weight, the film containing it could not be softened enough; 
30 but if larger than 50 % by weight, too much plasticizer will bleed out from the film and will cause a problem of process 
trouble. More preferably, the plasticizer content of the film falls between 5 and 30 % by weight. 
[0025] The plasticizer-containing, biodegradable film of the invention may be a mono-layered film or a multi-layered 
film, and the both surfaces'of the film are coated with at least one thin layer as above to give the intended, biodegradable 
oriented film of the invention. 

35 [0026] Optionally, at least one thin layer of the biodegradable oriented film of the invention may contain an adhesive 
to thereby make the film adhesive in some degree. The film of the type is favorable for wrapping films. 
[0027] The adhesive may be any and every substance that is sticky in some degree. For example, it includes fatty 
acid esters, aliphatic hydrocarbon resins, terpeneresins, coumarone-indene resins, aromatic hydrocarbon resins, and 
rosin resins. The fatty acid esters are, for example, esters of polyalcohols such as glycerin, sorbitol, pentaerythritol, 

40 propylene glycol, polyethylene glycol or polypropylene glycol, with higher fatty acids such as oleic acid, linolic acid or 
lauric acid, concretely including monoglycerin monooleate, polyglycerin oleate, diglycerin stearate. glycerin dirici- 
noleate, glycerin acetylricinoleate, propylene glycol oleate, propylene glycol laurate, pentaerythritol oleate, polyethyl- 
ene glycol oleate, sorbitan oleate, sorbitan laurate, polyethylene glycol sorbitan laurate, sucrose monostearate, sucrose 
palmitate, sucrose oleate, sucrose laurate, sucrose behenate, sucrose erucate, and their mixtures. 
[0028] The amount of the adhesive to be added preferably falls between 0.5 and 15 % by weight of the thin layer 
that contains the adhesive. Also preferably, the adhesive to be used herein is biodegradable. For the biodegradable, 
for example, preferred are terpens resins, rosin resins, fatty acid esters, and aliphatic hydrocarbon resins. 
[0029] The thin layer to coat the film of the invention may optionally contain any other resin of, for example, epoxy 
resins, silicone resins, urea resins and phenolic resins, not interfering with the effect of the invention. 

50 [0030] Also optionally, the thin layer may contain any other additive of, for example, antioxidant, heat stabilizer, 
weather stabilizer, UV absortent, lubricant, pigment, dye, organic or inorganic fine particles, filler, antistatic agent, 
crosslinking agent and nucleating agent, not interfering with the effect of the invention. 

[0031] If desired, particles may be added to the thin layer. The thin layer, if containing particles, is preferred, as 
improving the lubricity and the blocking resistance of the biodegradable ohented film coated with it. 
55 [0032] The particles to be added to the thin layer are not specifically defined. For these, for example, usable are 
silica, colloidal silica, alumina, alumina sol, kaolin, talc, mica, calcium carbonate, andcrosslinked polystyrene. Of those, 
especially preferred are silica (including silica aggregates) and colloidal silica, as they do not interfere with the trans- 
parency of the film. The mean particle size of the particles is not specifically defined, but preferably falls between 0.01 
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and 5 \um, more preferably between 0.05 and 3 urn, even more preferably between 0.08 and 2 nm. The blend ratio of 
the particles to all the resin in the adhesive layer is not also specifically defined, but preferably falls between 0.05 and 
8 parts by weight, more preferably between 0.1 and 3 parts by weight in terms of the solid content thereby by weight. 
[0033] Also preferably, a flaky inorganic mineral may be added to the thin layer that coats the film, as it enhances 
the function of the thin layer of preventing the plasticizer in the film from scattering away and/or bleeding out, and may 
be therefore effective for reducing the flexibility change of the film in heat treatment. The flaky inorganic mineral includes, 
for example, flakes of a phyllo-structured clay mineral such as montmorillonite and synthetic mica. 
[0034] For the resin component, particles and additives constituting the thin layer, those listed in the Positive List by 
the Food Sanitation Association of Japan (JHPA-PL) such as polyolefins, as well as those admitted by the US FDA 
are especially preferred when the film of the invention is for food wrapping films. 

[0035] The thickness of the biodegradable oriented film of the invention is not specifically defined, but preferably 
falls between 1 and 150 [xm, more preferably between 5 and 100 jim, even more preferably between 5 and 20 .urn. 
[0036] As having the advantages of biodegradability, flexibility, heat resistance, especially long-lasting flexibility even 
under severe conditions, the biodegradable oriented film of the invention has many applications in various fields. In- 
particular, the film is favorable for wrapping films, as well exhibiting its function. 

[0037] The biodegradable oriented film of the invention keeps itself flexible for a long period of time, and. in particular, 
even under severe conditions at high temperatures, the film does not lose its flexibility. The biodegradable oriented 
film of the invention can be widely used in various fields, for example, for agricultural applications and wrapping and 
packaging applications, and this contributes towards reducing wastes in those fields. 
[0038] Next described is a method for producing the biodegradable oriented film of the invention. 
[0039] The biodegradable oriented film of the invention can be produced in any known method of producing oriented 
films, for example, through inflation, successive biaxial stretching or simultaneous biaxial stretching. In the inflation 
method, for example, at least one thin layer is previously laminated on the film before the film is extruded out; or after 
the film has been stretched, at least one thin layer is formed thereon in a separate line. In case where the biodegradable 
oriented film of the invention is produced in the successive biaxial stretching method or the simultaneous biaxial stretch- 
ing method, for example, a predetermined amount of a plasticizer is first added to a biodegradable resin, then the resin 
is melt-extruded into a sheet through T-die in a known manner, and the sheet is brought into contact with a casting 
drum to be cooled and solidified thereon to prepare a non-stretched film. For adding the plasticizer to the biodegradable 
resin, for example, employable is a method of directly adding it to the resin, or a method of adding a metered amount 
of the plasticizer to a melt of the resin in a double-screw extruder Of the two, preferred is the latter method of adding 
a metered amount of the plasticizer to a melt of the resin in a double-screw extruder 

[0040] The non-stretched film thus prepared according to the method as above is then continuously stretched at 
least in one direction, and thereafter at least one thin layer is formed on the both surfaces of the thus-stretched film; 
or after at least one thin layer has been fomed on the both surfaces of the non-stretched film, the thus-coated film is 
stretched. Any of these methods is employable herein. For forming the thin layer on the both surfaces of the film, 
employable is any known method of, foi" example, extrusion lamination of resin to form the thin layer, or coating or 
dipping. The thin layer may be formed on the non-stretched or stretched film in the same line in which the film is 
prepared and stretched; or it may be formed on the stretched film in a separate line. Of the two methods, preferred is 
the former in-line method from the viewpoint of the production costs. Another advantage of the in-line method of forming 
the thin layer on the film before or after the film is successively stretched is that the latitude in selecting the thin layer 
in accordance with the use of the coated film is broadened and, in addition, the adhesiveness between the thin layer 
and the substrate film is well stabilized. Especially preferred in the invention is an in-line coating method that comprises 
first stretching the base film in the machine direction followed by applying an aqueous resin solution or emulsion to the 
thus-stretched film to form at least one thin layer on the both surfaces of the film, as the method is inexpensive and is 
easy to industrialize. More preferably, in the in-line coating method in which the base film is stretched in the machine 
direction and then coated with the thin layer, the coated film is then further stretched in the cross direction and then 
thennally fixed. In that manner, the adhesiveness between the coating thin layer and the base film is further enhanced 
and the toughness of the thin layer is increased. 

[0041] Before coated with the thin layer, it is desirable that the non-stretched or stretched biodegradable film is 
subjected to corona-discharging treatment, as the treatment enhances the adhesiveness between the thin layer and 
the plasticlzer-containing, biodegradable film, and improves the property of the thin layer formed on the both surfaces 
of the film. 

EXAMPLES 

[0042] The invention Is described in more detail with reference to the following Examples in which is used polylactic 
acid, one typical example of biodegradable resins. However, the Examples given below are not intended to restrict the 
scope of the invention. 
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Measurement of Loop Stiffness of Film: 

[0043] The loop stiffness (flexural strength Index, M) of a standardized film having a thickness of 1 0 is measured 
as follows; The film is sampled to give a sample having a measuring-direction length of 15 cm and the cross width of 
5 1 cm, and its flexural stress Ml ((xN) is measured, using a loop stiffness tester (by Toyo Seiki Seisaku-sho) at 25C in 
65% relative humidity. The loop length is 50 mm, and the pressing distance is 5 mm. From the thus-measured flexural 
stress Ml (p.N) of the sample and the sample thickness t (\uvt), the loop stiffness M (p.N/cm) of the sample film having 
a thickness of 10 ^.m is obtained according to the following formula: 

'° 3 

M = M1 X (10/t)"*/(1,0). 

[0044] From one film to be measured, ten samples are sampled randomly In different sites both in the machine 
direction and the cross direction, and measured in the same manner as above, and the data are averaged. The averaged 
'5 value indicates the loop stiffness (flexural strength index, M) of the film standardized to have a thickness of 10 ^m. 
Measurement of Loop Stiffness of Film after heat treatment: 

[0045] The film to be measured is heated in an oven at 130°C for 30 minutes, and sampled to give a sample having 
a measuring -direction length of 15 cm and the cross width of 1 cm. In the same manner as above, this is tested to 
determine the loop stiffness after heat treatment of the film standardized to have a thickness of 1 0 jim. 
20 [0046] Determination of Loop Stiffness Change (AR) after heat treatment: 

[0047] The loop stiff ness change, AR, of the film tested is represented by the following formula, in which R25 indicates 
the loop stiffness before heat treatment of the film and R1 30 indicates the loop stiffness after heat treatment of the film: 

25 AR = [(R1 30 - R25) /R25] X 1 00 

{Hardness of Film for wrapping application, before and after heat treatment: 

[0048] By the feel of it, the hardness (flexibility) of each film for wrapping applications is detennined. After heat 
treatment in an oven at 130°C for 30 minutes, the film is also tested for its hardness (flexibility) in the same manner 

30 

A: Excellent for wrapping applications, as it is not so hard and is well flexible. 

B: Good for wrapping applications, as it is not so hard and is well flexible. 

C: Not so good for wrapping applications, as it is somewhat hard and is not so flexible. 

D: Unsuitable for wrapping applications, it is hard and is not flexible. 

35 

[0049] Films standardized to have a thickness of 10 ^.m satisfy the following relationship between the hand-touch 
test and the loop stiffness M. 

A: M < 200 uNJcm. 
40 B: 200 (xN/cm < M < 300 nN/cm. 

C: 300 M.N/cm < M < 420 iiWcm. 
D: 420 M-N/cm < M. 

Biodegradability Evaluation; 

45 

[0050] According to ASTM D5338-92, each film is put into sludge and kept therein at 58°C to evaluate its biodegrad- 
ability. The biodegradability of the film thus tested is represented by the following formula; 

^ Biodegradability = (BOD - B)/TOD x 100 

wherein BOD indicates the biological oxygen demand (mg) of the (sludge + test substance); 
B indicates the biological oxygen demand (mg) of the sludge blank; 

TOD indicates the theoretical oxygen demand (mg) in complete oxidation of the test substance. 

55 
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Biodegradable Resins: 
[0051] 

L-polylactic acid A: 0.5 % by weight of calcium carbonate having a mean particle size of 1 .0 n,m is added to L- 
polylactic acid having a weight-average molecular weight of about 200,000 and having a melting point of IZO'C. 
This is dried in a vacuum drier at 120°C for 5 hours to remove water from it. 

L-polylactic acid B: L-polylactic acid having a weight-average molecular weight of about 200,000 and having a 
melting point of 1 70°C Is dried in a vacuum drier at 1 20°C for 5 hours to remove water from it. 

Plasticizers: 

[0052] 

Plasticizer A: triacetin . 

Plasticizer B: polyethylene glycol dibenzoate (molecular weight, 800). 
Plasticizer C: tributyl acetylcitrate. 

Coating compositions of aqueous dispersion: 

[0053] 

Coating composition A: acrylic resin composition. An acrylic resin emulsion having a mean particle size of 0.05 
p.m, obtained through emulsion polymerization of methyl methacrylate/butyl acrylate/acrylic acid (45/50/5 wt.%), 
is diluted with water to have a solid content of 3 % by weight. 
Coating composition B: vinyl resin composition. 

[0054] This is an aqueous solution of 1 0 wt.% polyvinyl alcohol (having a mean degree of polymerization of 800 and 
a degree of saponification of 99.0 %). 

Examples 1 and 2: 

[0055] While the L-polylactic acid B was melted at 200"C in a double-screw extruder, a metered amount of the 
plasticizer C as In Table 1 was added thereto to form a polymer melt flow, which was then extruded out through the T- 
die at 200°C lo give a film, and the film was cast onto a chil! drum at 25°C to prepare a non-stretched film. Then, it 
was directly passed between heat rolls at TCC to stretch 3-fold in the machine direction, and its both surfaces were 
then exposed to corona discharge. Next, the both surfaces of the stretched film were separately coated with the coating 
composition A in a mode of gravure-coating of such that the thickness of each thin layer formed on the both surfaces 
of the biaxially-stretched film could be as in Table 1. The corona discharge treatment ensured the fonnation of good 
thin layers on the both surfaces of the film. The thus-coated, monoaxially-stretched film was held by clips, introduced 
into a tenter, pre-heated therein at 60°C to partially remove water, then stretched 3.5-fold in the cross direction while 
still heated at 60°C, and finally heated at 140''C. The thin layer-coated, oriented polylactic acid film thus fabricated 
herein had a thickness of 10 (xm. Its characteristic data are given in Table 1 . 

Examples 3 to 8: 

[0056] While the L-polylactic acid A was melted at 200°C in a double-screw extruder, a metered amount of the 
plasticizer compound as in Table 1 was added thereto to form a polymer melt flow, which was then extruded out through 
the T-die at 200°C to give a film, and the film was cast onto a chill drum at 25''C to prepare a non-stretched film. Then, 
it was directly passed between heat rolls at 50°C to stretch 3-fold in the machine direction. Next, the both surfaces of 
the stretched film were separately coated with the coating composition A in a mode of gravure-coating of such that the 
thickness of each thin layer fornied on the both surfaces of the biaxially-stretched film could be as in Table 1 . The thus- 
coated, monoaxially-stretched film was held by clips, introduced into a tenter, pre-heated therein at 60°C to partially 
remove water, then stretched 5.0-fold in the cross direction white still heated at ecc, and finally heated at 140°C. The 
thin layer-coated, oriented polylactic acid film thus fabricated herein had a thickness of 1 0 iim. Its characteristic data 
are given in Table 1 . 
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Comparative Examples 1 to 3: 

[0057] Flexible polylactic acid films of Comparative Examples 1 , 2 and 3 were fabricated in the same manner as in 
Examples 3, 4 and 6, respectively. In these, however, the thin layer of acrylic resin was not formed. The characteristic 
5 data of the polylactic acid films are given in Table 2. 

Comparative Example 4: 

[0058] While the L-polylactic acid B was melted at 200°C in a double-screw extruder to form a polymer melt flow, 
10 which was then extruded out through the T-die at 200''C to give a film, and the film was cast onto a chill drum at 25"'C 
to prepare a non-stretched film. Then, it was directly passed between heat rolls at 80°C to stretch 3-fold in the machine 
direction. The monoaxially-stretched film was held by clips, introduced into a tenter, pre-heated therein at BO''C then 
stretched 3.5-fold in the cross direction while still heated at SCO, and finally heated at 1 40''C. The oriented polylactic 
acid film thus fabricated herein had a thickness of 10 p.m. Its characteristic data are given In Table 2. 
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Reference Example 1 : 

[0059] An oriented polylactic acid film having a thickness of 1 0 jam was fabricated in the same manner as in Example 
8. In this, however, the thickness of the thin layer of the coating composition B on the stretched film was 0.2 M.m. 
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[0060] When Examples 1 to 8 are comparedwith Comparative Example 4, it is obvious that the plasticizer added to 
polylactic acid softens the films, and the plasticizer-containing films are flexible and favorable for wrapping films. In 
this connection, the loop stiffness of wrapping films is preferably not larger than 300 jiN/cm. With the increase in the 
amount of the plasticizer added thereto, the films are more flexible. The plasticizers A, B and C tested herein are all 

5 effective for softening the films, but their effect differs in some degree. 

[0061] As in Examples 1 to 8 in which the base film is coated with a thin acrylic resin layer, it is understood that AR 
of the coated films is kept small after heat treatment, or that is, the coated films well keep themselves flexible even at 
high temperatures. On the other hand, it is also understood that AR of the coated films varies depending on the plas- 
ticizer added thereto, even when the thickness of the thin layer that coats the films is the same. The comparison 

10 between Reference Example 1 and Example 8 indicates that the loop stiffness change of the coated films is reduced 
by increasing the thickness of the thin layer that coats the films. On the other hand, in case where the thin layer is not 
formed on the base film, the plasticizer in the base film scatters away and/or bleeds out when heated, and the non- 
coatedfilm could not keep itself flexible, and is useless for wrapping films. This is obvious from the comparison between 
Example 3 and Comparative Example 1 ; between Example 4 and Comparative Example 2; and between Example 6 

IS and Comparative Example 3. 

Biodegradability Evaluation: 

[0062] Tested for biodegradability in the manner as above, the film of Example 6 almost completely biodegraded. Its 
20 biodegradability was 88 %, 

Comparative Example 5: 

[0063] While the L-polylactic acid A was melted at 200°C in a double-screw extruder, a metered amount, 25 % by 
25 weight of the plasticizer A (triacetin) was added thereto to form a polymer melt flow, which was then extmded out 
through the T-die at 200°C to give a film, and the film was cast onto a chill drum at 25°C to prepare a non-stretched 
film having a thickness of 90 (xm. Not stretched, this was coated with the coating composition A, like in Example 3, in 
a separate line to form a thin layer having a thickness of 0.2 jxm on its both surfaces. 

[0064] Just after coated, the film was soft and flexible. However, after kept in an oven at SCC for 1 0 days, the film 
30 became cloudy and its appearance became extremely bad. When, the non-stretched film was heated at ISCC for 30 
minutes, it became whitish, and its surface was roughened. In addition, it became extremely brittle and lost flexibility. 
After thus heated, aR of the film was 135 %. 

Example 9: 

35 

[0065] A stretched polylactic acid film having a thickness of 10 |am was fabricated in the same manner as in Example 
2. in this, however, the plasticizer B was used in place of the plasticizer A, and the thickness of the thin layer formed 
was 0.4 nm. The characteristic data of the film are given in Table 1 . 

[0066] As in this Example 9 in which the base film is coated with a thin vinyl resin layer, it is understood that AR of 
to the coated film is kept small after heat treatment, or that is, the coated film well keeps itself flexible even at high 
temperatures. 

Example 10: 

45 [0067] A stretched film was fabricated in the same manner as in Example 4. In this, however, an adhesive, diglycerin 
stearate was added to the coating composition A to form the thin layer on one surface of the base film. The amount of 
the adhesive added was 3 % by weight in terms of its solid content. The film thus fabricated herein was well flexible 
and sticky in some degree, and is therefore favorable for wrapping films. 

so Example 11: 

[0068] A stretched film was fabricated in the same manner as in Example 1 . In this, however, an adhesive, sorbitan 
oleate was added to the coating composition A to form the thin layer on one surface of the base film. The amount of 
the adhesive added was 2 % by weight in terms of its solid content. The film thus fabricated herein was well flexible 
55 and sticky in some degree, and is therefore favorable for wrapping films. 

[0069] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
from the spirit and scope thereof. 
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1 . A biodegradable oriented film of a plasticlzer-contalning biodegradable resin, of which the both surfaces are coated 
with at least one thin layer and of which the loop stiffness change (AR) after heat treatment at 1 SO'C for 30 minutes 
is at most 20 %. 

2. The biodegradable oriented film as claimed in claim 1 , wherein the thin layer acts to prevent the plasticizer in the 
biodegradable film from scattering away. 

3. The biodegradable oriented film as claimed in claim 1 , wherein the thin layer acts to prevent the plasticizer in the 
biodegradable film from bleeding out. 

4. The biodegradable oriented film as claimed in claim 1 , which, when standardized to have a thickness of 10 urn, 
has a loop stiffness of at most 300 ^N/cm. 

5. The biodegradable oriented film as claimed in claim 1 , of which the loop stiffness change (AR) after heat treatment 
at 1 30°C for 30 minutes is at most 1 0 %. 

6. The biodegradable oriented film as claimed In claim 1 , wherein the plasticizer is biodegradable. 

7. The biodegradable oriented film as claimed in claim 1 , wherein the thin layer is made of at least one resin selected 
from polyester resins, acrylic resins, polyurethane resins, vinyl resins, epoxy resins, and amide resins. 

8. The biodegradable oriented film as claimed in claim 1 , wherein the thin layer is made of an acrylic resin or a vinyl 
resin. 

9. The biodegradable oriented film as claimed in claim 1 , which contains an adhesive in at least one thin layer. 

10. The biodegradable oriented film as claimed in claim 1, wherein the biodegradable resin is a polylactic acid resin. 

11 . A wrapping film of the biodegradable oriented film of any of claims 1 to 10. 
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